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Introduction
Soil samples were collected from three boreholes in support of the Vadose Zone Transport Field Study (VZTFS). These samples were collected to determine geotechnical and geochemical characteristics of the field test site before and after a number of water and tracer injection tests. The scope of the VZTFS experiments and the Sampling and Analysis Plan for collection of soil cores is presented in the Detailed Test Plan (Ward and Gee, 2000) . The discussion below presents a detailed account of the core sampling and a description of the geologic materials penetrated by these boreholes.
Sampling Locations
Three of four planned boreholes ( Figure 1 ) were sampled using a hollow-stem auger and splitspoon sampler as described in the sampling and analysis plan (Ward and Gee, 2000) . Note however, that the location of borehole S-3 was shifted from the original location to provide temporal data at the same radial distance from the injection well, as borehole S-2. The fourth borehole (S-4) was never completed. However, 3 additional boreholes were sampled at later dates using a cone penetrometer and wirelinesampling tool. The first of these wireline-sampling holes (CP1) is discussed in a report by Bratton and Dickerson 1 . Only the boreholes S-1, S-2, and S-3 are discussed here.
The Sampling and Analysis Plan (Ward and Gee, 2000) generally called for continuous splitspoon sampling to a depth of 18 m (59 ft). Subsamples (e.g. individual liners within the sampler) would then be selected from stratigraphic units of interest and submitted for laboratory analyses. Splitspoon samples were actually collected (nearly continuously) from between 4 and 6 m (13-19 ft) in depth, to about 12 m (40 ft) in depth, and at approximately every meter (4 ft) thereafter to a total depth of 17 m (56.5 ft). Table 1 summarizes the pertinent sampling information for each borehole.
Drilling and Sampling Methodology
Each borehole was drilled using a Mobile Drill 61 drill rig and 25 cm (10 in.) OD hollow-stem auger flights. The upper 4 m (13 ft) of each borehole was drilled with a pilot bit inside the hollow-stem auger to keep drill cuttings out. Once the borehole was advanced to the desired sampling interval, the pilot bit was removed, and a 7.6 cm (3 in) ID by 0.6 m (2 ft) long splitspoon sampler was lowered to the bottom of the borehole. The sampler was then driven into relatively undisturbed materials in front of (i.e., below) the auger flights using a drive hammer weighting up to 227 kg (500 lbs.) (Figure 2 ). Once the sampler had been driven the length of the sampler, or to refusal, the sampler was withdrawn and taken to the breakdown table for disassembly and subsampling (refer to the following section). However, at times, during difficult retrievals, the sampled materials were not retained by the sampler, and thus not recovered from that particular sampling interval. Once the sampler was retrieved from the borehole, the pilot bit was again lowered into the auger flights and the borehole advanced to the next sampling interval.
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Wall Once the splitspoon sampler was taken to the breakdown table and disassembled, one half of the sample barrel was removed to expose the four 15 cm (6 in.) long Lexan® core liners and, a cursory inspection was made to evaluate the representativeness and the vertical heterogeneity of the various geologic strata. The most intact and representative core liners were selected for analysis and/or archiving, marked with an up arrow, and labeled in accordance with the Pacific Northwest National Laboratory's (PNNL) procedure PNL-MA -567, DO-2. The selected core liners were carefully removed from the sample barrel in a way that would minimize the loss of material out of the liner. The liners were then capped and transferred to the field laboratory for archiving and further subsampling. Remaining sample was then recapped, sealed and refrigerated.
Each splitspoon sampling run was identified by a unique number, and each sample liner was labeled relative to its position within the splitspoon sampler. For boreholes S-2 and S-3, the bottom most (deepest) liner was designated as "A" and the top most (shallowest) liner designated as "D" (Figure 2 ), in accordance with procedure PNL-MA-567, DO-2. Note, however, that the liners for borehole S-1 were labeled just opposite to this with "D" being the deepest sample liner and "A" being the shallowest. Each sample was labeled not only with the unique sample and liner number, but also with the borehole number, the depth interval, and the date of sample collection.
Geologic Field Descriptions
Residual sample materials in the sample barrel, and/or shoe were examined and a small aliquot was collected for detailed geologic description in accordance with PNNL procedure PNL-MA-567, DO-1 and ASTM D 2488. These materials generally were disaggregated and lacked any sedimentary structure. However, the sample materials were visually inspected for their grain size, color, moisture, gross mineralogy/lithology, and reaction to hydrochloric acid. Each sample was subjectively assigned to one of nineteen sediment types based on the modified Folk (1974 )/Wentworth (1922 classification scheme historically used at the Hanford Site (Figure 3) , and described by Fecht, Last, and Marratt (1978) . A small aliquot of each material was then placed in a chip tray for future referral. Detailed borehole logs are presented in Appendix A, and a tabulation of the samples collected is provided in Appendix B.
Note that no record was made of the geologic materials penetrated above a depth of 4 m (13 ft). However, the materials penetrated below this depth generally consisted of stratified sand deposits, with variable silt content, and rare pebbles. This is consistent with the third layer (Layer 3) of a sandy sequence described by Reidel and Horton (1999) Figure 3. Grain size nomenclature (after Wentworth, 1922) and sediment classification scheme (modified after Folk, 1968) used at the Hanford Site
Limited observation of the sedimentary structures within the splitspoon samples (due to the method of sampling and subsample preservation) suggest that individual beds within this stratified sand sequence may be on the order of 60 cm (2 ft) or less and that in some cases these beds are horizontally laminated and/or fine upward. Correlation of individual beds between the three boreholes is not obvious. Note the high degree of heterogeneity in the fine fraction displayed in Figure 4 . However, the materials penetrated by these boreholes can be grouped into several general units briefly described in Table 2 .
Borehole Decommissioning
Following the collection of the final sample from each borehole, the boreholes were decommissioned by reversing the augers and backfilling the hole with native sand (from the drill cuttings) and bentonite pellets. The bentonite pellets were strategically placed in two horizons juxtaposed to two siltier horizons encountered at depths of about 6 and 12 m (20 and 38 ft). Appendix A illustrates the borehole construction and decommissioning details for each borehole. SAND. This is a laminated, mostly medium sand with some coarse sand stringers and some upward fining sequences, and generally described as grayish brown in color. The coarse sand stringers exhibit a "salt and pepper" texture due to their abundance of both mafic and felsic grains. Some micas were also noted. The sand is described as clean, ranging from virtually no silt to a trace of silt.
None to Weak 2-19 6-7 (20-22 ft)
SAND to SLIGHTLY SILTY SAND. This is mostly coarse sand with a dark grayish brown color, and exhibiting the same "salt and pepper" texture described above. However, this material contains more silt than above. Some compacted and/or weakly cemented clods that react strongly to HCl were noted in boreholes S-2 and S-3.
None to Strong 3-15
SAND. This is a laminated, mostly coarse to medium sand with variable silt content. These sands continue to exhibiting "salt and pepper" texture, with some coarse sand laminae, and an overall color of grayish brown to dark grayish brown. Materials near the bottom of this unit exhibit a lighter color with less mafics, and some mica.
None to Weak 1-24 8-9 (27-29 ft)
SAND to SLIGHTLY SILTY SAND. This is mostly medium sand with occasional pebbles (in boreholes S-1 and S-2) and some silt. The overall color is described as dark grayish brown to olive brown. Some weakly cemented clods that react strongly to HCl were identified in borehole S-2.
None to Strong 6-16 9-10 (29-32 ft)
SAND. This is mostly medium to fine sand, with no obvious sedimentary structure or laminations. The overall color is light brownish gray to grayish brown.
None to Weak 1-12 10-12 (32-39 ft)
SAND to SILTY SAND. This material consists of layered sand units ranging from mostly coarse sand with virtually no silt, to slightly silty fine to very fine sand, to silty sand with up to ~40% silt and very fine sand. The material contains some silty laminations as well as an occasional very coarse sand stringer. A micaceous silt lens approximately 5 cm (2 in.) thick was encountered at a depth of 11 m (36 ft), in borehole S-2. Weakly cemented clods that react strongly to HCl were also noted in borehole S-2 near the top of this material. Occasional pebbles were encountered in borehole S-3 at a depth of 11 m (33 ft). The overall color of this material varies from olive brown to light brownish gray to dark grayish brown. Some descriptions suggest the presence of alternating coarse and finer layers with a higher mafic content that the above material.
None to Strong 1-39
12-17 (39-56 ft)
SAND. This material is mostly coarse to medium or coarse to fine sand with very little silt, and a grayish brown coloration. Some laminations are present along with an occasional very coarse sand or siltier sand stringer. A few very fine pebbles were observed near the bottom of borehole S-2.
None to weak 1-19 8
Laboratory Analyses
Laboratory analyses consisted of water content, percent fine material, and tracer concentration. Samples for analysis were chosen primarily on splitspoon location, with preference being given to inner sleeve samples (B and C cores). Lexan® cores were subsampled in the laboratory and oven dried at 105°C for 24 hrs to determine the gravimetric water content (g water /g soil ). Percent fines (silt and clay fraction) were determined by wet sieving through a #270 sieve.
Pre-tracer samples (S-1) were analyzed in a 1:1 soil-to-solution ratio for chloride via ion specific electrode. Minimum detection limits for Cl -were <1.0 mg kg soil -1 . Post-tracer samples (S-2 and S-3) were also analyzed in a 1:1 soil-to-solution ratio, but for bromide via ion specific electrode. Minimum detection limits for Br -were <0.4 mg kg soil -1
. Soil extractions consisted of 20 g of oven dried soil in 20 mL of deionized water. To reduce interference and activity effects, 0.5 mL of ionic strength adjuster (3 M NaNO 3 ) was added. Samples were shaken for 30 minutes and analyzed immediately. Analytical results for all samples are present in Appendix C.
Samples were also provided to the U.S. Salinity Laboratory, Riverside, California and Lawrence Berkley National Laboratory for additional tracer and hydraulic property analyses, those data will be reported separately. Figure 5 illustrates the water content profiles before and after the injections. These results show that moisture contents increased throughout the 6 to 12 meter depth range, with two primary peaks increasing with time at the 7 and 11-12 m depths. These two primary peaks in moisture content correlate well with interfaces between overlying siltier sand horizons and underlying less silty sand horizons. Over 130 soil samples were collected from three soil borings in support of the VZFTS. The first boring was sampled just prior to the first injection test. The other two borings were sampled after completion of the injection tests. These soil samples were collected using a 7.6 cm (3 in) ID splitspoon sampler, with internal 15 cm (6 in.) long Lexan® liners. The samples ranged in depth from 4 to 17 m (13.5 to 56.5 ft). Core samples were used to obtain basic characteristics, such as water content, density, and porewater chemistry. Selected samples were submitted to the U.S. Salinity Laboratory, Riverside, California for hydrologic property characterization and to Lawrence Berkeley National Laboratory for geochemical analysis. sample during recovery, so depths are off (6" too deep).
Discussion
of sample fell out during recovery.
All sleeves only partially full. Lost some samples in the laboratory. Lost some smple during retrieval, so depths are probably off 6" (too deep).
All cores only partially full. Lost some sample during retrieval, so depths are probably off 6" (too deep).
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